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(54) OPTICAL SCANNER 

(57) An optical scanner having excellent optical per- 
formance and guiding a light beam from one curved mir- 
ror directly to a photoconductive drum without requiring 
a reflecting mirror. The optical scanner includes: a light 
source unit (1); an optical deflector (5) for deflecting a 
light beam from the light source unit so as to cause scan- 
ning; a first image formation optical system (2, 3) for 
forming a line image on a deflection surface of the opti- 
cal deflector, which is disposed between the light source 
unit and the optical deflector; and a second image for- 
mation optical system (7) composed of one curved mir- 
ror, which is disposed between the optical deflector and 



a surface (8) to be scanned. A light beam from the first 
image formation optica! system is incident obliquely on 
a plane that is parallel to a main scanning direction and 
contains a line normal to the deflection surface of the 
optica! deflector, and a light beam from the optical de- 
flector is incident obliquely on a plane (hereinafter re- 
ferred to as a "YZ plane") that is parallel to the main 
scanning direction and contains a line normal to a vertex 
of the curved mirror. A conditional formula of 10 < QM < 
35 is satisfied, wherein QM indicates an angle in degrees 
between the YZ plane and a central axis of a light beam 
traveling toward the curved mirror. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to an optical scanner used in a laser beam printer, a laser facsimile, a digital 
copier, or the like. 

BACKGROUND ART 

w [0002] Many of optical scanners used in laser beam printers and the like each include a semiconductor laser as a 
light source, a first image formation optical system for linearly focusing a light beam from the light source on an optical 
deflector to compensate for the tilt of a deflection surface of the optical deflector, a polygon mirror as the optical deflector, 
and a second image formation optical system for forming uniform spots on a surface to be scanned at a constant speed. 
[0003] A second image formation optical system in a conventional optical scanner includes a plurality of large glass 

15 lenses called an w f6 lens" and hence, had problems of difficulty in size reduction and of high cost. In order to-achieve 
reductions in size and cost, an optical scanner as described in JP 11-30710 A has been proposed that includes one 
curved mirror used as a second image formation optical system. 

[0004] Schematically, it is described that a light beam from the curved mirror is guided directly to an image surface 
in the above-mentioned optical scanner. In the optical scanner, however, the reflection angle of a light beam reflected 

20 by the curved mirror is small and accordingly, it has been necessary to dispose a reflecting mirror between the curved 
mirror and a photoconductive drum to actually guide a light beam to the photoconductive drum. In addition, since a 
cross-sectional shape in a sub scanning direction of the curved mirror described in JP 11-30710 A is not a circular arc 
shape but a quadratic polynomial shape, processing and measurement of the curved mirror are difficult. 
[0005] JP 11-153764 A discloses an optical scanner including a second image formation optical system composed 

25 of one curved mirror alone without requiring a reflecting mirror. However, suitable conditions for guiding a light beam 
directly to a surface to be scanned have not been clear. In addition, it is necessary to allow a light beam to be incident 
obliquely on the curved mirror at a large angle therebetween to guide the light beam directly to the surface to be 
scanned, but this causes a considerable beam aberration at the mirror plane. However, there has been no sufficient 
countermeasure to such a considerable beam aberration. 



DISCLOSURE OF INVENTION 

[0006] In view of the above-mentioned problems, the present invention is intended to provide an optical scanner 
having excellent optical performance, guiding a light beam from one curved mirror directly to a photoconductive drum 
35 without requiring a reflecting mirror, and allowing the curved mirror to have a shape permitting relatively easy processing 
and measurement. 

[0007] An optical scanner according to a basic configuration of the present invention includes: a light source unit for 
emitting a light beam; an optical deflector for deflecting the light beam from the light source unit so as to cause scanning; 
a first image formation optical system for forming a line image on a deflection surface of the optical deflector; and a 

40 second image formation optical system composed of one curved mirror. The first image formation optical system is 
disposed between the light source unit and the optical deflector. The second image formation optical system is disposed 
between the optical deflector and a surface to be scanned. A light beam from the first image formation optical system 
is incident obliquely on a plane that is parallel to a main scanning direction and contains a line normal to the deflection 
surface of the optical deflector. A light beam from the optical deflector is incident obliquely on a plane (hereinafter 

45 referred to as a " YZ plane") that is parallel to the main scanning direction and contains a line normal to a vertex of the 
curved mirror. In addition, a conditional formula of 10 < BM < 35 is satisfied, wherein QM indicates an angle in degrees 
between the YZ plane and a central axis of a light beam traveling toward the curved mirror from the optical deflector. 
[0008] According to this configuration, the second image formation optical system is composed of one mirror and 
reflects a light beam at a large reflection angle satisfying a relationship of 10 < 6M. Hence, the degree of freedom in 

50 arrangement increases, no reflecting mirror is required, and a light beam can be guided directly to the surface to be 
scanned. The upper limit of the above-mentioned conditional formula defines a range in which beam aberration can 
be compensated. 

[0009] In the above-mentioned configuration, a light beam is incident obliquely on the curved mirror at a large angle 
satisfying the relationship of 10 < QM. This causes a large beam aberration at a mirror plane. In order to compensate 
55 for this aberration, in the optical scanner of the present invention, a light beam from the first image formation optical 
system is allowed to be incident obliquely on a plane that is parallel to the main scanning direction and contains the 
line normal to the deflection surface of the optical deflector, and the tilt angle of the light beam is limited in a range in 
which the beam aberration can be compensated. 
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[001 0] In order to obtain an excellent spot in the above-mentioned configuration, in a cross section in a sub scanning 
direction, an angle made by a light beam reflected by the curved mirror with respect to an incident light beam from the 
deflection surface is set to be negative when a direction of an angle made by a reflected light beam reflected by the 
deflection surface with respect to an incident light beam from the first image formation optical system is regarded as 
5 positive. With this configuration, the reflected light beam and the incident light beam are positioned in the positive and 
negative directions, respectively. Hence, the beam aberration caused by the oblique incidence is compensated and 
thus an excellent spot can be obtained. 

[001 1] In order to obtain a more excellent spot, in the above-mentioned configuration, the following conditional for- 
mula (1) is allowed to be satisfied: 

10 

1.6 < 6M/0P + 0.98U(L+D) < 2.2 (1), 

wherein 0P indicates an angle in degrees between the line normal to the deflection surface and the light beam from 
15 the first image formation optical system, L a distance from the deflection surface to the vertex of the curved mirror, and 
D a distance from the curved mirror to the surface to be scanned. 

[001 2] When the positional relationship among the first image formation optical system, the optical deflector, and the 
second image formation optical system satisfies the above-mentioned conditional formula, the beam aberration caused 
by the oblique incidence of a light beam can be compensated suitably. The aberration is caused in an oblique direction 
20 when the conditional formula is not satisfied. 

[0013] In order to achieve a higher resolution, it is desirable that the following conditional formulae (2) and (3) are 
satisfied: 

25 1.86 < 0M/0P + 0.98U(L+D) < 1.94 (2); 

and 

30 0.48 < U(L+D) < 0. 75 (3). 

When the conditional formula (2) is satisfied, the beam aberration caused by the oblique incidence of a light beam can 
be compensated further suitably. When the conditional formula (3) is satisfied, the beam aberration can be compensated 
even at a reflection angle satisfying the relationship of 1 0 < QM. When the lower limit is not satisfied, the beam aberration 

35 occurs. On the contrary, when the upper limit is not satisfied, a beam diameter in the sub scanning direction considerably 
varies between the scanning center and periphery. In such cases, it is difficult to obtain a high resolution. 
[0014] In the optical scanner with the above-mentioned basic configuration, the curved mirror has a cross section 
with a circular arc shape in the sub scanning direction. With this configuration, the curved mirror is allowed to have a 
shape permitting relatively easy processing and measurement. 

40 [0015] It can be considered to allow the curved mirror to have a shape with different radii of main and sub curvature, 
which permits compensation for the curvature of field, an error in fd, and curvature of a scanning line, and in addition, 
to allow the curved mirror to have a freely curved plane with skew lines normal to a generator at respective points 
thereon. 

[0016] In other words, it is preferable that the curved mirror has a shape for compensating the curvature of the 
45 scanning line caused by oblique incidence. In addition, the curved mirror may be asymmetrical with respect to the 
YZplane. Furthermore, the curved mirror can have a skew shape in which a line normal to each point other than a 
vertex of a curved line (hereinafter referred to as a "generator") on which the YZplane and a curved plane of the curved 
mirror intersect is not contained in the YZ plane. With such configurations, the optical system is allowed to have a 
simple configuration, and the curvature of the scanning line can be compensated while the beam aberration caused 
50 by oblique incidence of a light beam is compensated. 

[0017] In the curved mirror with the skew shape, preferably, an angle in degrees between the YZplane and the line 
normal to each point on the generator is set to increase with distance from the vertex. Furthermore, in the curved mirror 
with the skew shape, preferably, a direction of an angle made by the line normal to each point on the generator with 
respect to the YZ plane is set to be positive when an angle made by a light beam reflected from the curved mirror with 
55 respect to an incident light beam from the deflection surface is regarded as positive. 

[0018] In the optical scanner with the above-mentioned basic configuration, preferably, the curved mirror is an an- 
amorphic mirror with different radii of curvature in the main and sub scanning directions at the vertex. The curved mirror 
can have a mirror plane with concave shapes both in the main and sub scanning directions. In addition, the curved 
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mirror can have a mirror plane whose refracting power in the sub scanning direction varies between the center and 
periphery in the main scanning direction. Furthermore, the curved mirror can have a cross section in the sub scanning 
direction whose radius of curvature does not depend on its cross-sectional shape in the main scanning direction. 
[0019] In the optical scanner with the above-mentioned basic configuration, the first image formation optical system 
5 can be configured so as to convert the light beam from the light source unit into a convergent light beam with respect 
to the main scanning direction. 

[0020] The above-mentioned configurations allow excellent performance to be obtained with respect to the curvature 
of fields in the main and sub scanning directions and the f& characteristic. 

[0021] In the optical scanner with the above-mentioned basic configuration, the light source unit also can include a 

io wavelength variable light source and a wavelength controller. According to this configuration, since the size of a spot 
is substantially proportional to a wavelength to be used, control of the wavelength allows the size of a spot formed on 
the photoconductive drum to be controlled freely. In addition, since the second image formation optical system is com- 
posed of the reflecting mirror alone, no chromatic aberration occurs and thus it is possible to change the resolution 
freely without deteriorating the other performances such as the /D characteristic. 

15 [0022] An optical scanner according to another basic configuration of the present invention includes: a light source 
unit for emitting a light beam; an optical deflector for deflecting the light beam from the light source unit so as to cause 
scanning; a first image formation optical system for forming a line image on a deflection surface of the optical deflector; 
and a second image formation optical system composed of one curved mirror. The first image formation optical system 
is disposed between the light source unit and the optical deflector. The second image formation optical system is 

20 disposed between the optical deflector and a surface to be scanned. A light beam from the first image formation optical 
system is incident obliquely on a plane that is parallel to a main scanning direction and contains a line normal to the 
deflection surface of the optical deflector, and a light beam from the optical deflector is incident obliquely on a plane 
(hereinafter referred to as a "YZ plane") that is parallel to the main scanning direction and contains a line normal to a 
vertex of the curved mirror. In addition, the light source unit includes at least two light sources, a light mixing member 

25 is provided for mixing light beams from the at least two light sources and is disposed between the light source unit and 
the optical deflector, and a conditional formula of 10 < QM < 35 is satisfied, wherein BM indicates an angle in degrees 
between the YZplane and a central axis of a light beam traveling toward the curved mirror. 

[0023] According to this configuration, since at least two light beams can be scanned in one-time scanning, at least 
twice as much line image data can be scanned as in the case of using one light source on the surface to be scanned. 

30 in addition, since the second image formation optical system is composed of one mirror and a light beam is reflected 
at a large reflection angle satisfying the relationship of 10 < 6M, the degree of freedom in arrangement increases and 
thus a light beam can be guided directly to the surface to be scanned without requiring a reflecting mirror 
[0024] For example, a dichroic mirror can be used as the light mixing member. The dichroic mirror reflects and 
transmits light selectively through wavelength selection and thus can mix lights efficiently. Furthermore, a half mirror 

35 also can be used. The half mirror can be processed easily and thus can mix lights at low cost. 

[0025] The optical scanner with the above-mentioned configuration can be provided with a light separating member 
for separating a fight beam present between the optical deflector and the surface to be scanned. When the light sep- 
arating member for separating a light beam is disposed between the optical deflector and the surface to be scanned, 
at least two line images can be formed simultaneously on the surface to be scanned by one-time scanning. Accordingly, 

40 an effect can be obtained that a rate of image formation or image reading can be at least doubled. 

[0026] It is preferable that for instance, a diffraction grating or a dichroic mirror is used as the light separating member. 
With the diffraction grating, an incident light beam is diffracted at a diffraction angle varying depending on the wave- 
length, and thus light can be separated efficiently at low cost. With the dichroic mirror, it reflects or transmits light 
through wavelength selection, and thus light can be separated efficiently. 

45 [0027] In the optical scanner with the above-mentioned configuration, it also is possible to allow the light beams 
emitted from the at least two light sources included in the light source unit to have different wavelengths. Even if lights 
with different wavelengths are used, chromatic aberration, which occurs generally, does not occur at all, since the 
second image formation optical system is composed of the reflecting mirror alone. Consequently, it is possible to 
achieve color image formation or color image reading with a high resolution. 

50 [0028] When an image reader or an image forming apparatus is configured using an optical scanner with any one 
of the above-mentioned configurations, a small high-speed and high-resolution image reader or image forming appa- 
ratus can be obtained at low cost. 

[0029] A color image forming apparatus includes a conveying member, a transfer member, and an optical scanner. 
In the conveying member, a plurality of image forming units corresponding to a plurality of colors are assembled in a 
55 substantially cylindrical form. Each of the image forming units includes a developing unit and a photoconductor. The 
respective image forming units are maintained to be arranged circumferentially in the substantially cylindrical form. 
The conveying member simultaneously rotates the plurality of image forming units around a central axis of the sub- 
stantially cylindrical form to move each of the respective image forming units between an image formation position and 
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a stand-by position. The transfer member has a transfer body that can come into contact with the photoconductor of 
an image forming unit positioned at the image formation position, sequentially transfers toner images of respective 
colors formed on the respective photoconductors onto the transfer body as the image forming unit at the image formation 
position is changed successively, and superimposes the toner images of the respective colors to form a color toner 
5 image on the transfer body. The optical scanner has any one of the above-mentioned configurations and exposes the 
photoconductor of each image forming unit to light. 

[0030] According to this configuration, optimization of the arrangement of the curved mirror and the angle of reflection 
of a light beam allows a small color image forming apparatus to be obtained at low cost. 

[0031 ] In the color image forming apparatus with the above-mentioned configuration, the curved mirror of the second 
10 image formation optical system in the optical scanner can be disposed in the vicinity of the central axis of the cylindrical 
form. 

[0032] Moreover, in the color image forming apparatus with the above-mentioned configuration, it is preferable that 
the optical scanner is configured to achieve the following: a light beam from the first image formation optical system 
is incident obliquely on a plane that is parallel to the main scanning direction and contains a line normal to the deflection 
is surface of the optical deflector, a light beam from the optical deflector is incident obliquely on a plane (a YZplane) that 
is parallel to the main scanning direction and contains a line normal to the vertex of the curved mirror, and a conditional 
formula of 12.5 < BM <1 7.5 is satisfied, wherein GM indicates an angle in degrees between the YZplane and a central 
axis of a light beam traveling toward the curved mirror. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

FIG. 1 is a schematic block diagram showing an optical scanner according to a first embodiment of the present 
25 invention; 

FIG. 2 is a sectional view of the optical scanner according to the first embodiment, taken in a plane parallel to a 
sub scanning direction; 

FIGs. 3A, 3B, and 3C are graphs showing characteristics of an optical scanner according to the first embodiment 
in the case of Numerical Example 1 , wherein FIG. 3A shows an error in fd, FIG. 3 B an amount of curvature of field, 
30 and FIG. 3C an amount of residual curvature of scanning line; 

FIGs. 4A, 4B, and 4C are graphs showing characteristics of an optical scanner according to the first embodiment 
in the case of Numerical Example 2, wherein FIG. 4A shows an error in ft, FIG. 4B an amount of curvature of field, 
and FIG. 4C an amount of residual curvature of scanning line; 

FIGs. 5A, 5B, and 5C are graphs showing characteristics of an optical scanner according to the first embodiment 
35 in the case of Numerical Example 3, wherein FIG. 5A shows an error in fB, FIG. 5B an amount of curvature of field, 

and FIG. 5C an amount of residual curvature of scanning line; 

FIGs. 6A, 6B, and 6C are graphs showing characteristics of an optical scanner according to the first embodiment 
in the case of Numerical Example 4, wherein FIG. 6A shows an error in fO, FIG. 6B an amount of curvature of field, 
and FIG. 6C an amount of residual curvature of scanning line; 
40 FIGs. 7A, 7B, and 7C are graphs showing characteristics of an optical scanner according to the first embodiment 

in the case of Numerical Example 5, wherein FIG. 7A shows an error in f&, FIG. 7B an amount of curvature of field, 
and FIG. 7C an amount of residual curvature of scanning line; 

FIGs. 8A, 8B, and 8C are graphs showing characteristics of an optical scanner according to the first embodiment 
in the case of Numerical Example 6, wherein FIG. 8A shows an error in /B, FIG. 8B an amount of curvature of field, 
45 and FIG. 8C an amount of residual curvature of scanning line; 

FIGs. 9A, 9B, and 9C are graphs showing characteristics of an optical scanner according to the first embodiment 
in the case of Numerical Example 7, wherein FIG. 9A shows an error in fd, FIG. 9B an amount of curvature of field, 
and FIG. 9C an amount of residual curvature of scanning line; 

FIG. 1 0 is a structural view showing an optical scanner according to a second embodiment of the present invention; 
50 FIG. 11 is a structural view of an image reader with an optical scanner of the present invention; 

FIG. 12 is a schematic sectional view of an image forming apparatus with an optical scanner of the present inven- 
tion; and 

FIG. 13 is a schematic sectional view of a color image forming apparatus with an optical scanner of the present 
invention. 

55 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] Embodiments of the present invention are described with reference to FIGs. 1 to 8 as follows. 
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First Embodiment 

[0035] FIG. 1 is a perspective view showing a configuration of an optical scanner according to a first embodiment of 
the present invention. In FIG. 1, numeral 1 indicates a semiconductor laser, numeral 2 an axisymmetric lens, numeral 
5 3 a cylindrical lens having refracting power in a sub scanning direction only, numeral 4 a reflecting mirror, numeral 5 
a polygon mirror, numeral 7 a curved mirror, and numeral 8 a photoconductive drum as a surface to be scanned. 
Numeral 6 indicates a rotation central axis of the polygon mirror 5. 

[0036] FIG. 2 is a sectional view taken in a plane that is parallel to a sub scanning direction and contains a scanning 
center axis of the optical scanner shown in FIG. 1 . The reflecting mirror 4 is disposed obliquely with respect to the sub 

10 scanning direction so that a light beam from the reflecting mirror 4 is incident obliquely on a deflection surface of the 
polygon mirror 5 and a light beam from the polygon mirror 5 is incident obliquely on the curved mirror 7. 
[0037] In the figure, r denotes an inscribed circle radius of the polygon mirror 5, L the interval between a deflection 
reflecting point and the curved mirror 7, D the interval between the curved mirror 7 and the photoconductive drum 8, 
6P an angle in degrees between an optical axis of light from the reflecting mirror 4 and a line normal to a deflection 

15 reflecting surface, and BM an angle in degrees between an optical axis of light from the deflection reflecting surface 
and a line normal to the vertex of the curved mirror 7. 

[0038] The plane profile of the curved mirror used in each example described later is expressed by the following 
formula (4): 



20 



25 



Ji—-2x*sm{9(y)} 



sin 



(4) 



wherein the vertex of the plane is regarded as an origin, an amount of sag from the vertex at a position indicated with 
30 x (mm) and y (mm) on coordinates in the sub and main scanning directions, respectively, is indicated as z (mm) with 
the direction in which an incident light beam travels regarded as positive. In the above-mentioned formula (4), the 
following formulae hold: 
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RDy 



1 + 



^1-0+*) 



+ ADy* + AEy* + AFy % + AGy 10 



(5) 



RDy 



45 



g(y) = RDx(1 + BCy 2 + BDy 4 + BEy 6 + BFy 8 + BGy 10 ) 



8(y) = ECy 2 + EDy A + EEy e 



(6) 
(7) 
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55 



[0039] The above-mentioned formula f(y) expresses a noncircular arc as a shape on a generator, g(y) a radius of 
curvature at the position y in the sub scanning direction (the x direction), and G(y) a skew amount at the position y. In 
addition, RDy (mm) indicates a radius of curvature at the vertex in the main scanning direction, RDx (mm) a radius of 
curvature in the sub scanning direction, K a cone constant indicating a generator shape, AD, AE, AF, and AG higher 
order constants indicating the generator shape, BC, BD, BE, BF, and BG constants determining the radius of curvature 
at the position y in the sub scanning direction, and EC, ED, and EE skew constants determining the skew amount at 
the position y. 

[0040] Specific numerical examples are indicated as follows. In the following, a maximum image height is indicated 
as Ymax and a polygon rotation angle corresponding thereto as amax. 
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T ab le 1 



Numerical ExamplS-I 



Ymax 



OP 



110 



10 



120.0 



cunax 



6M 



23.171 



15 



57.51 



17.32 



RDy 


-334.92 


K 


O.OOOOOE-00 


AD 


-3.62302E-09 


AE 


-2.73024E-13 


AF 


O.OOOOOE-00 


AG 


O.OOOOOE-00 










RDx 


-80.52 


BC 


-2.B9732E-05 


BD 


-4.28918E-11 


BE 


O.OOOOOE-OO 


BF 


O.OOOOOE-OO 


BG 


0.0O000E-OO 














EC 


-5.82583E-06 


ED 


-1.13810E-10 


EE 


-1.19931E-14 



Table 2 



Numerical Example 2 



Ymax 


110 


cunax 


23.171 






9P 


12 


GM 


15 






L 


1200 


D 


59.83 


R 


17.32 



RDy 


-336.80 


K 


O.OOOOOE-OO 


AD 


-3.4953 1E-09 


AE 


-2.573 12E-13 


AF 


O.OOOOOE-OO 


AG 


O.OOOOOE-00 










RDx 


-82.69 


BC 


-2.82629E-05 


BD 


-3.28026E-11 


BE 


O.OOOOOE-OO 


BF 


O.OOOOOE-00 


BG 


O.OOOOOE-00 














EC 


-5.60722E-06 


ED 


-1.15858E-10 


EE 


-1.03247E-14 
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40 



Numerical Example 3 



Table 3 



Ymax 


110 


cunax 


23.171 






OP 


15 


GM 


15 1 






L 


120.0 


D 


63.66 


R 


17.32 



RDy 


-341.34 


K 


O.OOOOOE-OO 


AD 


-3.24365E-09 


AE 


-2.24859E-13 


AF 


O.OOOOOE-OO 


AG 


O.OOOOOE-00 










RDx 


-86.15 


BC 


-2.70059E-05 


BD 


-1.46493E-11 


BE 


O.OOOOOE-OO 


BF 


O.OOOOOE-00 


BG 


O.OOOOOE-OO 














EC 


-5.26775E-06 


ED 


-1.17342E-10 


EE 


^8.03818E-15 
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Num erical Example 4 



Table 4 



Ymax 


110 


cunax 


23.171 






ep 


10.6 


GM 


15 






L 


100.0 


D 


104.63 


R 


17.32 



RDy 


-303.46 


K 


O.OOOOOE-OO 


AD 


1.80096E-09 


AE 


-1.24638E-13 


AF 


O.OOOOOE-00 


AG 


O.OOOOOE-OO 










RDx 


-105.92 


BC 


-1.91645E-05 


BD 


9.15253E-11 


BE 


O.OOOOOE-OO 


BF 


O.OOOOOE-00 


BG 


O.OOOOOE-OO 














EC 


-5.30805E-O6 


ED 


-7.70761E-11 


EE 


-1.93654E-15 
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Table 5 





Ymax 


110 


a wax 


23.171 






5 


OP 


8.6 


0M 


10 








L 


125.0 


D 


42.51 


R 


17.32 



10 



RDy 


-344.03 


K 


O.OOOOOE-OO 


AD 


-4.60135E-09 


AE 


-4.7252 1E-13 


AF 


0.00000E-00 


AG 


O.OOOOOE-OO 










RDx 


-64.44 


BC 


-3.67525E-05 


BD 


-2.00372E-10 


BE 


O.OOOOOE-00 


BF 


0.000O0E-O0 


BG 


O.OOOOOE-00 














EC 


-4.70394E-O6 


ED 


-1.02999E-11 


EE 


-2.59942E-14 
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Numerical ExampleJi 



Tab le 6 





Ymax 


110 


am ax 


23.171 






20 


OP 


24.8 


9M 


30 






L 


130.0 


D 


57.85 


R 


17.32 



RDy 


-337.35 


K 


O.OOOOOE-00 


AD 


-6.04413E-09 


AE 


-7.15054E-13 


AF 


O.OOOOOE-OO 


AG 


O.OOOOOE-OO 










RDx 


-92.49 


BC 


-3.34619E-45 


BD 


-3.90448E-10 


BE 


3.46428E-14 


BF 


O.OOOOOE-OO 


BG 


O.OOOOOE-00 














EC 


-1.06790E-05 


ED 


-3.11321E-10 


EE 


-2.4847 7E- 14 



25 



30 



35 



Numerical Example 1 



Table 7 



Ymax 



9P 



110 



12 



164.0 



gmax 



9M 



17.484 



15 



75.27 



20 



RDy 


-432.18 


K 


O.OOOOOE-00 


AD 


-2.053 12E-09 


AE 


-6.01611E-14 


AF 


0.00000E-00 


AG 


O.OOOOOE-00 










RDx 


-106.80 


BC 


-1.7197 1E-05 


BD 


-1.090 12E-11 


BE 


O.OOOOOE-00 ! 


BF 


0.00000E-00 


BG 


O.OOOOOE-00 














EC 


-3.19258E-06 


ED 


-7.70809E-11 


EE 


O.OOOOOE-00 



AO 



45 



50 



55 



[0041] With respect to the optical scanners with the configurations described above, their operations are described 
with reference to FIGs. 1 and 2 as follows. 

[0042] A light beam from the semiconductor laser 1 is converted into convergent light by the axisymmetric lens 2. 
The convergent light is converged only in the sub scanning direction by the cylindrical lens 3 and then is reflected by 
the reflecting mirror 4 to form a line image on a reflecting surface of the polygon mirror 5. The polygon mirror 5 rotates 
about the rotation central axis 6, so that a light beam is scanned and is reflected by the curved mirror 7 to form an 
image on the surface 8 to be scanned. With respect to the shape of the curved mirror 7, the noncircular-arc shape of 
the cross section in the main scanning direction and the curvature of field in the sub scanning direction corresponding 
to each image height are determined to compensate for the curvature of main and sub fields and the error in f&, and 
in addition, the skew amount in the plane at a position corresponding to each image height is determined to compensate 
for the curvature of the scanning line. 

[0043] Table 8 shows wave front aberrations at the scanning center and maximum image height in each numerical 
example. 
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Table 8 



5 



Numerical Examples 


1 


2 


3 


4 


5 


6 


7 


eM/QP+0.98U(L+D) 


2.163 


1.904 


1.640 


1.894 


1.894 


1.888 


1.922 


Wave Front Aberration 
(mX) 


Center 


2 


2 


2 


5 


4 


5 


2 


Maximum Image Height 


54 


7 


68 


16 ! 


11 


12 


6 



10 [0044J Numerical Examples 1 to 3 are designed under the conditions of L = 120 and BM\= 15 with BP varied. Numeral 
Example 2 is the optimum design example in which the beam aberration caused by oblique incidence can be compen- 
sated. Numeral Examples 1 and 3 are design examples with values in the vicinity of the upper and lower limits of the 
following conditional formula (1), respectively. 

15 1.6<eM/QP + 0.98U(L+D)<2.2 (1) 



20 



30 



35 



[0045] Numerical Examples 4 to 7 are design examples with an optimum QP determined relative to each L and QM 
and satisfy the following conditional formula (2). 



1.86 < QM/QP + 0.98U(L+D) < 1.94 



(2) 



[0046] Table 9 shows the ratio of a beam (with an intensity of 1/e 2 ) diameter in the sub scanning direction at the 
25 scanning center to that at a maximum image height in each numerical example. 

Table 9 



Numerical Examples 


1 


2 


3 


4 


5 


6 


7 


U(L+D) 


0.68 


0.67 


0.65 


0.49 


0.75 


0.69 


0.69 


Beam Diameter Ratio in Sub Scanning Direction 


0.65 


0.62 


0.78 


0.72 


0.45 


0.54 


0.72 



[0047] The respective numerical examples satisfy the following conditional formula (3): 

0.48 <U(L+D)< 0.75 



(3). 



[0048] FIGs. 3 to 9 show characteristics in the cases of Numerical Examples 1 to 7, respectively. In the respective 
figures, the figures A, B, and C show an error in fB, an amount of curvature of field, and an amount of a residual 
40 curvature of scanning line, respectively. 

[0049] The error in fB(AY) is an amount expressed by the following formula (8): 



AY=Y-YXa (8), 

45 

wherein V(rnm/deg) indicates a scanning rate (a rate at which a beam of light is scanned on the photoconductive drum 
surface) per unit rotation angle of the polygon in the vicinity of the scanning center, a (degree) a polygon rotation angle, 
and Y (mm) image height. 

[0050] When a wavelength variable laser is used as the semiconductor laser 1 , its wavelength is controlled, so that 
50 the size of a spot formed on the photoconductive drum 8 can be controlled freely. 

[0051] In the present embodiment, the formula (4) was used to express the curved mirror profile, but other formulae 
may be used as long as they can express the identical shape thereto. 

Second Embodiment 

55 

[0052] FIG. 10 is a structural view of an optical scanner according to a second embodiment with the configuration 
corresponding to claim 18. 

[0053] In FIG. 10, numeral 9 indicates a first light source for emitting a light beam with a wavelength X1 , numeral 10 
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a second light source for emitting a light beam with a wavelength X2, numeral 11a first axisymmetric lens for converting 
light from the first light source 9 into convergent light, and numeral 12 a second axisymmetric lens for converting light 
from the second light source 10 into convergent light. Numeral 13 indicates a first cylindrical lens having refracting 
power in the sub scanning direction only and focusing the light beam from the first light source 9 on the deflection 

5 surface as a line image. Numeral 14 indicates a second cylindrical lens having refracting power in the sub scanning 
direction only and focusing the light beam from the second light source 1 0 on the deflection surface as a line image. 
Numeral 15 indicates a dichroic mirror transmitting light beams with the wavelength X1 and reflecting light beams with 
the wavelength X2, numeral 16 a reflecting mirror, numeral 17a polygon mirror, and numeral 18 a rotation central axis 
of the polygon mirror 17. Numeral 19 indicates a curved mirror. The curved mirror 19 has a shape and arrangement 

10 indicated in any one of Numerical Examples 1 to 4 described in the first embodiment. Numeral 20 indicates a diffraction 
grating for separating light beams with the wavelengths X1 and X2 from each other. Numeral 21 indicates a photocon- 
ductive drum. 

[0054] An operation of the optical scanner with the above-mentioned configuration is described. Light beams with 
two different wavelengths mixed by the dichroic mirror 1 5 are scanned by the polygon mirror 17 and are converted into 

15 convergent light by the curved mirror 19. A light beam incident on the diffraction grating 20 is separated into two light 
beams by the diffraction grating 20, and the two light beams form images on the photoconductive drum 21 . This allows 
two lines to be scanned by one-time scanning. In this case, no chromatic aberration occurs in the curved mirror 19. 
Hence, both the two light beams separated by the diffraction grating 20 form excellent images on the photoconductive 
drum 21. In the present embodiment, as a mixing means, the dichroic mirror was used, but a half mirror also may be 

20 used. Furthermore, as the light separating means, the diffraction grating was used, but a dichroic mirror also may be 
used. 

[0055] In the above-mentioned embodiment, two-line scanning was carried out with a light separating means, but it 
also is possible to carry out multiwavelength scanning without providing the light separating means. 

25 Third Embodiment 

[0056] FIG. 1 1 is a structural view of an image reader according to a third embodiment with the configuration corre- 
sponding to claim 21. 

[0057] In FIG. 11, numerals 1 to 7 indicate the same elements as those of the optical scanner shown in FIG. 1. 
30 Numeral 22 indicates a surface subjected to reading, numeral 23 a half mirror for transmitting light beams from a light 
source 1 and reflecting light returned from the surface 22 to a detection system, numeral 24 a detector, and 25 a 
detection optical system for guiding returned light to the detector 24. 

[0058] As described above, with the optical scanner according to the present embodiment, a small high-resolution 
image reader can be obtained at low cost. 

35 

Fourth Embodiment 

[0059] FIG. 12 is a schematic sectional view showing an image forming apparatus with an optical scanner described 
in the first or second embodiment. In FIG. 12, numeral 26 indicates a photoconductive drum whose surface is covered 

40 with a photoconductive layer in which an amount of charges is varied upon light irradiation, numeral 27 a primary 
charger for providing electrostatic ions to the surface of the photoconductive layer to be charged, numeral 28 a devel- 
oping unit for allowing charged toner to adhere to a printing portion, numeral 29 a transfer charger for transferring the 
thus adhered toner to a paper, numeral 30 a cleaner for removing residual toner, numeral 31 a fixing device for fixing 
the toner transferred to the paper, numeral 32 a paper feed cassette, numeral 33 a light source block including a 

45 semiconductor laser, an axisymmetric lens and a cylindrical lens, numeral 34 a polygon mirror, and numeral 35 the 
curved mirror shown in the first embodiment. 

[0060] As described above, with an optical scanner according to this embodiment, a small image forming apparatus 
can be obtained at low cost. 

50 Fifth Embodiment 

[0061] FIG. 13 is a schematic sectional view showing a color image forming apparatus with an optical scanner ac- 
cording to the first or second embodiment. 

[0062] In FIG. 13, numeral and characters 36Y, 36M, 36C, and 36B indicate image forming units corresponding to 
55 colors of yellow, magenta, cyan, and black, respectively. The image forming unit 36 Y includes a photoconductive drum 
37Y whose surface is covered with a photoconductive layer in which an amount of charge is varied upon light irradiation, 
a primary charger 38 Y for providing electrostatic ions to the surface of the photoconductive layer to be charged, a 
developing unit 39Y for allowing charged toner to adhere to a printing portion, and a cleaner 40Y for removing residual 
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toner. The image forming units 36M, 36C, and 36B for the other colors have the same configuration as that of the 
image forming unit 36Y. 

[0063] Numeral 4 1 indicates a transfer belt for transferring toner images formed on the photoconductive drums 37Y, 
37M P 37C, and 37 B for the respective colors, numeral 42 a transfer charger for transferring the toner adhered to the 
5 transfer belt 41 to a paper, numeral 43 a fixing device for fixing the thus transferred toner to the paper, and numeral 
44 a paper feed cassette. Numeral 45 indicates a light source block including a semiconductor laser, an axi symmetric 
lens and a cylindrical lens, numeral 46 a polygon mirror, and numeral 47 the curved mirror for which one described in 
the first embodiment can be used. 

[0064] As is apparent from FIG. 13, the image forming unit 36Y and the others corresponding to the four colors are 
10 maintained to be arranged in a cylindrical form. The image forming unit 36Y and the others are each rotated about the 
central axis of the cylindrical form at the same time, so that the photoconductive drums 37 Y and the others are allowed 
to come into contact with the transfer belt 41 sequentially. As the image forming unit 36Y and the others are changed 
in turn, an electrostatic latent image is formed on each of the photoconductive drums 37 Y and the others, using the 
light source block 45, the polygon mirror 46, and the curved mirror 47. Furthermore, toner images are formed by the 
15 developing unit 39Y and the others, respectively. The toner images of the respective colors formed on the photocon- 
ductive drums 37Y and the others, respectively, are transferred to the transfer belt 41 sequentially. Thus, the toner 
images of the respective colors are superimposed and a color toner image is formed on the transfer belt 41 . 
[0065] The optical scanner including the light source block 45, the polygon mirror 46, and the curved mirror 47 is 
designed so that the reflection angle of a light beam reflected by the curved mirror is 30 degrees, which is the optimum 
20 angle for the color image forming apparatus according to the present embodiment. Consequently, the curved mirror 
47 alone is disposed in the vicinity of the central axis of the cylindrical form and the light beam reflected by the curved 
mirror 47 is guided directly to the photoconductive drums 37 Y and the others. 

[0066] With the above-mentioned configuration, a small color image forming apparatus can be obtained at low cost. 

25 INDUSTRIAL APPLICABILITY 

[0067] According to the optical scanner of the present invention, the second image formation optical system is com- 
posed of one curved mirror alone, the optical scanner guides a light beam from the curved mirror directly to the pho- 
toconductive drum without requiring a reflecting mirror, the curved mirror is allowed to have a shape permitting relatively 
30 easy processing and measurement, and thus an optical scanner with excellent optical performance can be obtained. 



Claims 

35 1 . An optical scanner, comprising: 

a light source unit for emitting a light beam; 

an optical deflector for deflecting the light beam from the light source unit so as to cause scanning; 
a first image formation optical system for forming a line image on a deflection surface of the optical deflector, 
40 disposed between the light source unit and the optical deflector; and. 

a second image formation optical system composed of one curved mirror, disposed between the optical de- 
flector and a surface to be scanned, 

a light beam from the first image formation optical system being incident obliquely on a plane that is parallel 
to a main scanning direction and contains a line normal to the deflection surface of the optical deflector, and 
45 a light beam from the optical deflector being incident obliquely on a plane (hereinafter referred to as a "YZ 

plane") that is parallel to the main scanning direction and contains a line normal to a vertex of the curved mirror, 

wherein a conditional formula of 10 < QM < 35 is satisfied, where QM indicates an angle in degrees between 
the YZ plane and a central axis of a light beam traveling toward the curved mirror from the optical deflector. 

50 

2. The optical scanner according to claim 1 , wherein in a cross section in a sub scanning direction, an angle made 
by a light beam reflected by the curved mirror with respect to an incident light beam from the deflection surface is 
negative when a direction of an angle made by a light beam reflected by the deflection surface with respect to an 
incident light beam from the first image formation optical system is regarded as positive. 

55 

3. The optical scanner according to claim 2, wherein the following conditional formula (1) is satisfied: 
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1.6 < QM/QP + 0.98U(L+D) < 2.2 (1), 

wherein 6P indicates an angle in degrees between the line normal to the deflection surface and the light beam 
from the first image formation optical system, L a distance from the deflection surface to the vertex of the curved 
mirror, and D a distance from the curved mirror to the surface to be scanned. 

, The optical scanner according to claim 3, wherein the following conditional formula (2) is satisfied: 

1.86 < 6M/6P + 0.98U(L+D) < 1.94 (2). 

. The optical scanner according to claim 1, wherein the following conditional formula (3) is satisfied: 

0.48 < U(L+D) < 0.75 (3), 

wherein L indicates a distance from the deflection surface to the vertex of the curved mirror and D a distance from 
the curved mirror to the surface to be scanned. 

6. The optical scanner according to claim 1 , wherein the curved mirror has a cross section with a circular arc shape 
in a sub scanning direction. 

7. The optical scanner according to claim 1 , wherein the curved mirror has a shape for compensating curvature of a 
25 scanning line caused by oblique incidence. 

8. The optical scanner according to claim 1 , wherein the curved mirror is asymmetrical with respect to the VZplane. 

9. The optical scanner according to claim 1 , wherein the curved mirror has a skew shape in which a line normal to 
30 each point other than a vertex of a curved line (hereinafter referred to as a "generator^ on which the YZ plane and 

a curved plane of the curved mirror intersect is not contained in the YZ plane. 

10. The optical scanner according to claim 9, wherein an angle in degrees between the YZ plane and the line normal 
to each point on the generator increases with distance from the vertex. 

35 

11. The optical scanner according to claim 9, wherein a direction of an angle made by the line normal to each point 
on the generator with respect to the VZplane is positive when an angle made by a light beam reflected from the 
curved mirror with respect to an incident light beam from the deflection surface is regarded as positive. 

40 12. The optical scanner according to claim 1 , wherein the curved mirror is an anamorphic mirror with different radii of 
curvature in the main scanning direction and in a sub scanning direction at the vertex. 

13. The optical scanner according to claim 1, wherein the curved mirror has a mirror plane with concave shapes both 
in the main scanning direction and in a sub scanning direction. 

45 

14. The optical scanner according to claim 1 , wherein the curved mirror has a mirror plane whose refracting power in 
a sub scanning direction varies between a center and a periphery in the main scanning direction. 

1 5. The optical scanner according to claim 1 , wherein the curved mirror has a cross section in a sub scanning direction 
50 whose radius of curvature does not depend on its cross-sectional shape in the main scanning direction. 

1 6. The optical scanner according to claim 1 , wherein the first image formation optical system converts the light beam 
from the light source unit into a convergent light beam with respect to the main scanning direction. 

55 1 7. The optical scanner according to claim 1 , wherein the light source unit comprises a wavelength variable light source 
and a wavelength controller. 

18. An optical scanner, comprising: 
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a tight source unit for emitting a light beam; 

an optical deflector for deflecting the light beam from the light source unit so as to cause scanning; 
a first image formation optical system for forming a line image on a deflection surface of the optical deflector, 
disposed between the light source unit and the optical deflector; and 
5 a second image formation optical system composed of one curved mirror, disposed between the optical de- 

flector and a surface to be scanned, 

a light beam from the first image formation optical system being incident obliquely on a plane that is parallel 
to a main scanning direction and contains a line normal to the deflection surface of the optical deflector, and 
a light beam from the optical deflector being incident obliquely on a plane (hereinafter referred to as a "YZ 
10 plane") that is parallel to the main scanning direction and contains a line normal to a vertex of the curved mirror, 

wherein the light source unit comprises two light sources, a light mixing member is provided for mixing light 
beams from the two light sources and is disposed between the light source unit and the optical deflector, and 
a conditional formula of 10 < BM < 35 is satisfied, where QM indicates an angle in degrees between the YZplane 
and a central axis of a light beam traveling toward the curved mirror 

15 

19. The optical scanner according to claim 18, wherein a light separating member for separating a light beam is pro- 
vided between the optical deflector and the surface to be scanned. 

20. The optical scanner according to claim 18, wherein the light beams emitted from the two light sources included in 
20 the light source unit have different wavelengths. 

21. An image reader comprising an optical scanner according to any one of claims 1 to 20. 

22. An image forming apparatus comprising an optical scanner according to any one of claims 1 to 20. 

25 

23. A color image forming apparatus, comprising: 

a conveying member including a plurality of image forming units corresponding to a plurality of colors, the 
plurality of image forming units being assembled in a substantially cylindrical form, each of the plurality of 

30 image forming units including a developing unit and a photoconductor and being maintained to be arranged 

circumferentially in the substantially cylindrical form, the conveying member simultaneously rotating the plu- 
rality of image forming units around a central axis of the substantially cylindrical form to move each of the 
plurality of image forming units between an image formation position and a stand-by position; 
a transfer member having a transfer body that can come into contact with the photoconductor of an image 

35 forming unit positioned at the image formation position, sequentially transferring each of toner images of the 

plurality of colors formed on each photoconductor onto the transfer body as the image forming unit at the 
image formation position is changed in turn, and superimposing the toner images of the plurality of colors to 
form a color toner image on the transfer body; and 
an optical scanner for exposing the photoconductor to light, 

40 wherein the optical scanner is an optical scanner according to any one of claims 1 to 20. 

24. The color image forming apparatus according to claim 23, wherein the curved mirror of the second image formation 
optical system in the optical scanner is disposed in the vicinity of a central axis of the substantially cylindrical form. 

45 25. The color image forming apparatus according to claim 23, wherein in the optical scanner, a light beam from the 
first image formation optical system is incident obliquely on a plane that is parallel to the main scanning direction 
and contains a line normal to the deflection surface of the optical deflector, a light beam from the optical deflector 
is incident obliquely on a plane (a YZplane) that is parallel to the main scanning direction and contains a line normal 
to the vertex of the curved mirror, and a conditional formula of 12.5 < QM < 17.5 is satisfied, where QM indicates 

50 an angle in degrees between the YZ plane and a central axis of a light beam traveling toward the curved mirror. 
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